background: A low dose injection of lipopolysaccharides (LPS) may induce pre-eclampsia-like symptoms in rats, and microRNA-155 (miR-155) is elevated in the placentas of patients with pre-eclampsia. Our goal was to investigate the association of miR-155 with preeclampsia and the pathways involved using human-trophoblast-derived cell line (HTR-8/SVneo) stimulated with LPS.
Introduction
Pre-eclampsia (PE), one of the leading causes of maternal and perinatal morbidity and mortality, is a placenta-dependent disorder affecting 2-5% of all pregnancies (Kuklina et al., 2009) . While the aetiology of PE is largely unknown, the primary trigger is thought to be impaired placentation (Borzychowski et al., 2006) . Placentation begins with trophoblastic differentiation into phenotypes such as invasive and syncytial, each of which expresses different differentiation markers, including hCG, E-cadherin, Cdkn1c and others (Al-Nasiry et al., 2006; Dokras et al., 2006) .
By infusing a low dose of lipopolysaccharide (LPS) in rats at 14 days gestation, Faas et al. (1994) established a PE model with hypertension and albuminuria. There may be a causal relationship between the innate immunity activation induced by endotoxin in trophoblasts and the pregnancy-specific persistent inflammatory response of PE (Faas et al., 2004) . However, the inflammatory transcription factors form a very complex network, and inflammatory signals are transduced through multiple pathways that seem to be cell-, signal-and genespecific (Abrahams et al., 2004; Medzhitov and Horng, 2009 ). Nuclear factor (NF)-kB becomes activated following the engagement of Toll-like receptor 4 (TLR4) with LPS, leading to the expression of target genes controlling cell migration, stress responses, phagocytosis, tissue repair and remodelling. Other components, including Jun Nterminal kinase (JNK) and P38 mitogen-activated protein kinases, also contribute to LPS function, ultimately enhancing the activity of interferon regulatory factors and activated protein 1 (AP-1). Yet, how TLR4-mediated signal transduction is modulated in trophoblast cells, and how this relates to PE remains unclear.
miRNAs are a major class of tissue-specific regulators of gene expression. Accumulating evidence indicates that TLR4 activation alters the expression of many miRNAs, such as miR-146a, miR-21 and microRNA-155 (miR-155) (Taganov et al., 2006; O'Connell et al., 2007; Sheedy et al., 2009; McCoy et al., 2010) . miR-155 encoded by the BIC gene, functions as a miRNA with oncogenic properties and as a common target of a broad range of inflammatory mediators (Tili et al., 2009) . In a number of studies, considerable amounts of miR-155 have been found in macrophages and dendritic cells in response to LPS (Ceppi et al., 2009; Xiao et al., 2009) . In immune cells, NF-kB and JNK pathways are required for activation of BIC expression (Yin et al., 2008) . Pineles et al. (2007) have shown by miRNA profiling that miR-155 was up-regulated in severe PE, which was also observed in our previous study (Zhang et al., 2010) . Furthermore, significantly higher NF-kB expression was detected in placentas from women with PE (Aban et al., 2004) . Additionally, abundant quantities of many of the AP-1 transcription factors are found in the extravillous (invasive) trophoblasts during both normal pregnancy and several trophoblast diseases, suggesting that they play a role in proliferation and differentiation of the trophoblast (Bamberger et al., 2004; Briese et al., 2005) . Therefore, we questioned whether LPS signals may contribute to the augmentation of miR-155 in trophoblast cells.
In this study, we examined the LPS-mediated AP-1 and NF-kB activation in trophoblasts. Using an in vitro model of cultured human trophoblast (HTR-8/SVneo cells, which are derived from first-trimester chorionic villous tissue), we further evaluated the effect of miR-155 on cell migration and syncytialization.
Materials and Methods

Cell culture
The HTR-8/SVneo cells were kindly provided by Dr Charles Graham from Queen's University, Canada. The cells were maintained in standard culture conditions at 378C in a humidified 5% CO 2 incubator. The culture medium (HyClone, South Logan, USA) was RPMI 1640, supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 U/ml penicillin and 100 mg/ml streptomycin.
HTR-8/SVneo cells were adjusted to 5 × 10 5 cells/well on 6-well plates. After culture in 1% FBS for 12 h, the cells were treated with a series of concentrations (0 -800 ng/ml) of Escherichia Coli LPS (Sigma-Aldrich, St. Louis, USA) in RPMI 1640 with 10% FBS. After 0.5 -48 h, cells were harvested for detection of miR-155, JunB/FosB (subunits of AP-1) and NF-kB phosphorylated p65 (P-p65)/p65 proteins. Additionally, HTR-8/SVneo cells were cultured in the presence of SP600125 and/or pyrrolidine dithiocarbamate (PDTC; Sigma), the inhibitors of JNK and NF-kB, respectively to investigate the relationship between signal pathways and the expression of miR-155.
Placenta samples
The placenta samples have been described previously (Zhang et al., 2010) : from these, samples with elevated miR-155 from 10 women with severe PE and 10 from women with a normal pregnancy were selected. The two groups of patients had similar clinical characteristics except for high blood pressure, proteinuria and low birthweight in those with PE (Table I) . This study was approved by the Scientific Research Ethics Committee of Drum Tower Hospital and informed consent was obtained from all participants.
Quantitative real-time PCR
Total RNA was extracted from HTR-8/SVneo cells and placentas from patients with Trizol (Invitrogen, Carlsbad, CA, USA) and RNA (1 mg) was reverse-transcribed (Promega, Madison, WI, USA). The relative expression of miR-155 was determined by quantitative real-time PCR, normalized by U 6 RNA as described (Zhang et al., 2010) . U 6 is a commonly used normalizer for miRNA quantification (Ceppi et al., 2009; Yao et al., 2009) . We also found that the expression levels of U 6 in HTR-8/SVneo trophoblast cells cultured in the presence of various concentrations of LPS were generally constant (data not shown). The primers used for the analysis of mRNAs from other genes were as follows, syncytin-1 (sense, 5
The mRNA level was determined by the comparative C t method using a SYBR Green-based RT-PCR assay (Toyobo, Japan).
Western blot analysis
Proteins were prepared from HTR-8/SVneo cells and placenta samples and separated by sodium dodecyl sulphate polyacrylamide gel electrophoresis as described (Yan et al., 2008) . Immunoblotting was performed with antibodies raised against JunB (Santa Cruz, CA, USA), FosB (Cell Signaling, USA), NF-kB p65 (Santa Cruz), P-p65 (CST, Netherlands) and tubulin a (Chemicon, Hampshire, UK). Appropriate controls were run to confirm antibody specificity (not shown MicroRNA-155 in trophoblast remodelling
Plasmid construction
There are two NF-kB (NF-kB1, -1065 bp; NF-kB2, -1783 bp), one AP-1 (-111 bp) binding sites, and TATA box (TATA) on the BIC/miR-155 promoter (http://rulai.cshl.edu/cgi-bin/TRED/tred.cgi?pid=27266& process=refreshSeq&up stream_offset=-1565&downstream_offset=207& reset=Refresh). The promoter extending from 21565 to +207 relative to the start site, which covers the [(NF-kB1)-(AP-1)-TATA] sequence, was isolated from human placental genomic DNA by PCR as reported (Yin et al., 2008) . The purified fragment was digested using Nhe I and Hind III (Takara, Dalian, China) and inserted into the Nhe I-and Hind III-cut pGL3-basic luciferase reporter vector (Promega). The entire promoter region was sequenced and compared with those in Genbank. A mutant segment at AP-1 binding site that contains [(NF-kB1)-TATA] sequence only was amplified by overlap-extension PCR. Two other plasmids containing different promoter (2135/+207), [(AP-1)-TATA] and TATA box sequences were similarly developed.
The NF-kB2 promoter sequence was amplified by PCR from plasmid
The expression vector of pEGFP-hsa-mir-155 was described previously (Zhang et al., 2010) .
Additionally, we prepared phosphorothioate double-stranded decoy oligodeoxynucleotides (ODNs) carrying the NF-kB1, NF-kB2 and AP-1 binding sequences (Sangon, Shanghai, China), as described elsewhere (Morigi et al., 2006; Miyake et al., 2007) . Transfection of HTR-8/SVneo cells with ODNs (40 pmol/well) was performed using Lipofectamine TM 2000 Reagent (Invitrogen). After 4 h, the cells were washed and cultured in the presence of LPS (100 ng/ml) and 10% FBS. After another 4 h, cells were harvested for miR-155 measurement.
Luciferase reporter assays
HTR-8/SVneo cells were transfected with a plasmid containing the BIC/ miR-155 promoter. To check for transfection efficiency, pRL-SV40 (Promega), a control plasmid was used. The cells were then washed with phosphate-buffered saline (PBS) and lysed 36 h after transfection. The activities of Firefly and Renilla luciferase were measured with the DualLuciferase Reporter Assay System (Promega) on a Luminometer (Turner Designs, Sunnyvale, CA, USA). Results were expressed as the ratio of the relative light unit from the readings of Firefly versus Renilla luciferase.
Avidin -biotin conjugate DNA precipitation assay
Following LPS (100 ng/ml) treatment for 0.5 h (for measuring NF-kB) or 24 h (for measuring AP-1), HTR-8/SVneo cells were harvested for cell lysis. The following double-stranded oligonucleotides biotinylated at the 5 ′ -end of the sense strand were used for detection of NF-kB/AP-1-DNA complexes: AP-1-wild: ctggtcggttatgagtcacaagtgagtt; NF-kB1-wild: taagtactatgggatttccagctctgac; NF-kB2-wild: gaatgagaaatgggaaattcagaaaggcat; AP-1-mutant: ctggtcggttatctcgagcaagtgagtt; and NF-kB-mutant: gaatgagaaatccgacttgcagaaaggcat. Avidin -biotin conjugate DNA precipitation (ABCD) assay was performed by incubating cell extracts with double-stranded DNA immobilized on streptavidin agarose beads in gel binding buffer (10 mM Tris, pH 8.0, 150 mM NaCl, 0.5% Triton X-100, 0.5 mM dithiothreitol, 0.5 mM EDTA, 10% glycerol, 20 mg/ml poly [dI-dC] and protease inhibitors). Western blotting was performed on the resulting proteins using anti-JunB, -FosB and -p65 antibodies .
Cell migration assay
A modified 'scratch' migration assay was applied for studying the migration of trophoblasts. Briefly, HTR-8/SVneo cells in different wells on 6-well dishes were separately transfected with a plasmid carrying miR-155 (0.25 mg) or anti-miR-155 oligonucleotide (5 mmol/l, Ambion, Austin, USA): cells that were transfected with a blank vector pEGFP-C1 (Clontech, Palo Alto, CA, USA) or scrambled anti-sense miRNA, respectively, served as controls. After culture for 12 h, the cells were subjected to 'scratch' using a 200 ml pipette tip, and reticule marks were made on the underside of every dish. Cell debris was removed by washing, and then treated with 100 ng/ml LPS. The cells were allowed to migrate, and photographs were taken through an inverted microscope at 0, 9, 24 and 32 h, respectively. The width of the scratch was measured at five different locations, and averaged over three fields of view per well from a three replicate set of samples.
Induction of trophoblast differentiation, and light microscopic determination of syncytialization
Equal numbers (5 × 10 5 cells per well) of HTR-8/SVneo cells were seeded onto 6-well plates and cultured in 5% FBS overnight. Following transfection with plasmid containing miR-155, or oligonucleotide of anti-miR-155, or the respective control, the HTR-8/SVneo cells were induced to differentiate in vitro with 25% FBS for up to 60 h (Kliman et al., 1986) . To avoid overlap, cells were detached using 0.25% trypsin-EDTA, and equal numbers of HTR-8/SVneo cells were plated on dishes containing a slide. After 6 h of incubation, the slides were washed with PBS, fixed with 95% ethanol, stained with haematoxylin and eosin, and then mounted under cover slips with dibutyl phthalate xylene mountant for microscopy (×400). The extent of cell differentiation was assessed as a percentage of the number of multinucleated trophoblasts to total trophoblasts in nine randomly selected fields.
Statistical analysis
Normally distributed data were presented as mean + SD; non-normally distributed data were expressed by the median and range. Differences between means were analysed using a two-tailed Student t-test. Statistical significance of median was assessed by the Mann -Whitney U-test, and Fisher exact test was used for comparisons between categorical variables. P-values , 0.05 were considered statistically significant.
Results
Accumulation of miR-155 following LPS treatment in HTR-8/SVneo cells miR-155 levels responded to LPS stimulation in a time- (Fig. 1A) and dose-dependent (Fig. 1B) manner. The highest levels of miR-155 were observed at 24 h after LPS (100 ng/ml) treatment. The 25 and 50 ng/ ml LPS treatments yielded miR-155 levels that were also elevated above baseline. miR-155 expression was highest with 100 ng/ml LPS treatment but at 200 ng/ml LPS, miR-155 levels were no longer different from baseline, even after longer treatment (data not shown). These findings suggest that trophoblastic miR-155 is up-regulated by low doses of LPS but is not considerably altered by high-dose treatment.
Up-regulation of miR-155 transcription via the LPS/AP-1/NF-kB pathway
To investigate whether the responses of AP-1 and NF-kB to LPS stimulation correspond with that of miR-155, HTR-8/SVneo cells were treated with different concentrations of LPS, and then JunB, FosB, P-p65 and p65 were measured by western blot analysis. At 24 h after treatment, cellular levels of JunB and FosB ( Fig. 2A ) responded to changes in LPS dosage in accordance with the trend observed in miR-155 expression, demonstrating significant up-regulation at doses of 25, 50 and 100 ng/ml when compared with baseline. Similarly, the activation of NF-kB at 30 min after LPS treatment, determined as the ratio of P-p65/p65, was also dose-dependent, but peaked at 200 ng/ml (Fig. 2B) . These results indicate that, like miR-155, the expression of AP-1 was enhanced by low-dose LPS treatment, while NF-kB could be induced by both low and high doses of LPS. Yet, at 24 h after LPS treatment (200 ng/ml), NF-kB levels were no longer noticeably different from those in the untreated, control cells (data not shown), suggesting that AP-1 and NF-kB may regulate miR-155 transcription initiation through different processes. JunB/FosB and NF-kB p65 levels in placenta from a normal pregnancy (n ¼ 10) and from patients with severe PE (n ¼ 10) and high miR-155 expression were examined by western blot analysis. Compared with tubulin a (Fig. 2C) , the medians of the relative band intensities of FosB, JunB and NF-kB p65 were all higher in the placenta from a woman with severe PE than in a normal pregnancy (P , 0.05). These findings seem to show that, in vivo increased AP-1 and NF-kB levels are associated with elevated miR-155 as well.
To investigate whether AP-1 and NF-kB play a role in the regulation of miR-155 expression in vitro, we treated HTR-8/SVneo cells with SP600125 (20 mM, an inhibitor of JNK), or PDTC (50 mM, an inhibitor of NF-kB), respectively, or both SP600125 and PDTC for 1 h before LPS stimulation (100 ng/ml for 24 h). As Fig. 2D indicates, miR-155 expression was partially blocked by pre-treatment with SP600125, PDTC and the combination of both inhibitors. The data provided additional evidence that AP-1 and NF-kB are involved in the elevation of miR-155 in HTR-8/SVneo cells stimulated by LPS.
Next, the effects of AP-1 and NF-kB signals on miR-155 transcription initiation were examined. The upstream region of the BIC/ miR-155 promoter contains two conserved, putative binding sites for NF-kB and one for AP-1. To examine the role of these binding sites in the activation of miR-155 transcription, the TATA box as well as five different combinations of AP-1, NF-kB1 and NF-kB2 binding sites were inserted into pGL3-basic vectors (shown in Fig. 2E , left panel). At 20 h after LPS treatment, compared with that in cells transfected with the blank pGL3-basic vector or plasmids with the TATA box alone, luciferase activity was increased in cells transfected with plasmids containing AP-1 and/or NF-kB binding sequences (P , 0.05, Fig. 2E ). BIC/miR-155 transcription was 3.6-and 3.1-fold higher from the promoter construct with only the AP-1 binding site than from those constructs with either the NF-kB1 sites alone or both the NF-kB1 and NF-kB2 sites, respectively. The highest transcriptional activity was observed when both AP-1 and NF-kB1 binding sites were present. The role of NF-kB and AP-1 in LPS-induced BIC/miR-155 expression was further investigated using synthetic double-stranded ODNs as decoy cis elements (Fig. 2F) . LPS-induced expression of miR-155 decreased by 85% in cells with both AP-1 and NF-kB1/2 ODNs, by 55% with AP-1 ODNs only, but was not markedly altered in cells with NF-kB1/2 ODNs alone (P . 0.05). Together, these findings suggest that trophoblastic miR-155 expression is regulated via the AP-1-and NF-kB-dependent pathways, in which the AP-1 binding site plays a more important role than the NF-kB binding site on BIC/miR-155 initiation.
To clarify whether JunB, FosB and NF-kB p65 bind directly to the BIC/miR-155 promoter, we performed DNA precipitation assay after HTR-8/SVneo cells were treated with LPS. Figure 2G shows that JunB, FosB and NF-kB p65 were all co-precipitated with the biotin-labeled oligonucleotide derived from the BIC/miR-155 promoter.
Anti-miR-155 improves LPS-inhibited trophoblast migration
In order to study the effects of miR-155 on trophoblast migration, the scratch assay was performed (illustrated in Fig. 3A) . Transfection of pEGFP-miR-155 (0.25-3 mg/well) into HTR-8/SVneo cells resulted in an increased expression of mature miR-155 by 1.5 -2.2-fold, whereas no change in miR-155 level was found in the cells transfected with anti-miR-155 oligonucleotides at 6 -32 h (data not shown). For LPS-treated HTR-8/SVneo cells, average cell migration distances MicroRNA-155 in trophoblast remodelling were 64.3% (at 24 h) and 61.0% (at 32 h) of that for untreated cells (Fig. 3B) . Similarly, pEGFP-miR-155-transfected cells migrated 66.1% (at 24 h) and 53.6% (at 32 h) of the average distance migrated by cells with the blank pEGFP-C1 vector (Fig. 3C) . Then, we transfected HTR-8/SVneo cells with anti-sense oligonucleotides specific to miR-155 (anti-miR-155, 5 nM) to block the function of miR-155 before stimulating cells with LPS. Compared with cells transfected with the scrambled anti-sense miRNA, the cells with anti-miR-155 migrated 2.0 (at 24 h) and 1.9 times (at 32 h) further (P , 0.05; Fig. 3D ). These results imply that impaired invasion mediated by LPS could be reversed by anti-miR-155.
miR-155 may promote syncytialization of human trophoblast
To examine the possible role of miR-155 in trophoblastic differentiation, we observed the syncytialization of HTR-8/SVneo cells after they were transfected with pEGFP-miR-155 or anti-miR-155, as syncytialization is an outcome of trophoblastic differentiation (Logothetou-Rella et al., 1989) . FBS was used at a high concentration (25%) to induce syncytialization. After 60 h incubation, all cells were re-plated to avoid overlapping, and the number of multinuclear cells was recorded with microscopy. There was no difference in the total cell count between samples transfected with the pEGFP-C1 blank MicroRNA-155 in trophoblast remodelling vector or plasmid containing miR-155, or between those with scrambled anti-miRNA or anti-miR-155 (P . 0.05). However, the percentage of cells transfected with miR-155 plasmid that were multinuclear was higher than for cells transfected with the blank vector, whereas the percentage of multinuclear anti-miR-155-transfected cells was lower than that of cells with scrambled anti-miRNA (P , 0.05; Fig. 4A and B) .
Moreover, to investigate the importance of cellular miR-155 levels in syncytialization, we quantified the mRNAs encoding syncytin-1 and CD81, two proteins involved in cell fusion (Kramer et al., 2009) . After transfection with 1 mg miR-155 plasmid, syncytin-1 (Fig. 4C) and CD81 (Fig. 4D ) in HTR-8/SVneo cells were both considerably up-regulated, to five-and eight-times higher, respectively, than in cells transfected with the blank vector control. With 3 mg miR-155 transfection, though, while syncytin-1 levels were still considerably elevated above baseline, CD81 expression was no longer different from that in the control group cells. This suggests that unlike syncytin-1, CD81 may only be up-regulated by a specific range of miR-155 cellular concentrations.
Discussion
Recent studies have reported dysregulated miRNA expression in PE, chorioamniotic inflammation and parturition, suggesting their pivotal role in human reproduction (Montenegro et al., , 2009 . By posttranscriptionally modulating the expression of multiple target genes (AT1R, TAB2, SHIP and others), miR-155 is implicated in regulating blood pressure, limiting inflammatory response and promoting tumorigenesis (Rodriguez et al., 2007; Sethupathy et al., 2007; Thai et al., 2007; Cremer et al., 2009 ). In our previous study, we presented evidence that miR-155 contributes to PE by down-regulating pro-angiogenic regulating factor gene, indicating its negative regulatory activity in placenta development. The results presented here further demonstrate that miR-155 is up-regulated in HTR-8/SVneo cells following activation of inflammatory pathway by LPS. AP-1 and NF-kB appear to be involved in miR-155 expression and several phenotypic changes in HTR-8/SVneo cells.
AP-1 and NF-kB are two families of transcription factors. AP-1 is a set of dimers formed when the Jun proteins homo-or hetero-dimerize with Fos proteins, whereas NF-kB dimers are composed of p65 and other NF-kB members in varied combinations. In HTR-8/SVneo cells, we found AP-1 and NF-kB sites were attributable to LPS-stimulated expression of BIC/miR-155. Increased levels of JunB, FosB and NF-kB p65 protein were detected in placentas from women with severe PE, compared with those from a normal pregnancy. Our in vitro study displayed that JunB, FosB and NF-kB P-p65/p65 were synchronously up-regulated, together with miR-155 after LPS treatment in HTR-8/ SVneo cells; and all these proteins were recruited to the BIC/miR-155 promoter to facilitate miR-155 transcription. Therefore, the results indicate that the LPS-(AP-1/NF-kB)-miR-155 signal transduction pathway is involved in the inflammatory response in HTR-8/SVneo cells. Previous studies have demonstrated that NF-kB is a master transcription factor in mediating the proinflammatory signaling cascade in immune cells (Krappmann et al., 2004; Covert et al., 2005; Carayol et al., 2006) . Different forms of cellular stress were found to preferentially trigger either AP-1 or NF-kB (Wesselborg et al., 1997) . In HTR-8/ SVneo cells, as in activated lymphocytes reported elsewhere (Yin et al., 2008) , we consider that AP-1 is more important than the NF-kB pathway in initiating BIC/miR-155 expression.
Notably, compared with the low-dose LPS group, we did not detect a similar upsurge of miR-155, as well as JunB, FosB or NF-kB expression, after stimulation with relatively high concentrations of LPS in HTR-8/SVneo cells ( Figs. 1 and 2 ). This suggests some unknown restraint mechanism existing in HTR-8/SVneo cells. Inhibiting some key molecules upstream of the AP-1/NF-kB signals, such as IkB kinase 1 (IKK1), TAK1-binding protein 2 (TAB2) (Tili et al., 2009) , miR-155 has been suggested as a participant in the feedback loop regulating inflammatory signaling cascade in response to microbial stimuli. Our observations raise the possibility that this negative feedback mechanism exists in HTR-8/SVneo cells, and that miR-155 may play some important role. Moreover, this assumption may explain the mild increase in miR-155 level in placenta from women with severe PE (Zhang et al., 2010) .
The invasive extravillous cytotrophoblasts invade the decidua and uterine arterioles, resulting in transforming of maternal spiral arteries into the low-resistance vessels that anchor the placenta to the upper third of the myometrium of the uterus. Incomplete trophoblast invasion has been recognized as the common pathologic feature of PE. In this study, we showed an impaired capacity for migration and invasion in cultured HTR-8/SVneo cells with enforced expression of miR-155. Importantly, inhibition of miR-155 expression with antisense RNA reversed the above negative effects on migration induced by LPS stimulation in HTR-8/SVneo cells (Fig. 3D) . Additionally, fused from mononucleated cytotrophoblasts, syncytiotrophoblasts of the first-trimester placenta are involved in the defence against pathogens and tolerance to the growing fetus at the maternal-fetal interface. Some previous studies indicate that an invasive trophoblast is more likely to be altered in PE than an endocrine syncytiotrophoblast (Lim et al., 1997) . Other researchers also demonstrated a causal relationship between increased syncytialization and PE, in that several elevated cytokines, such as granulocyte-macrophage colony-stimulating factor, macrophage inhibitory cytokine 1 and leukaemia inhibitory factor, may promote trophoblast invasion (Mohan et al., 2001; Li et al., 2005; Reister et al., 2006) . Taken together, it is likely that increased levels of miR-155 may be associated with the development of PE.
Several studies have found that activation of JNK pathway by various signals promotes outgrowth and invasive ability of trophoblast (Du et al., 2008; Liu et al., 2010) . Altered expression level of AP-1 induced by the JNK pathway was reported to initiate the expression of Gcm1, which is an important marker of trophoblast differentiation (Abell et al., 2009) . Like the expression of miR-155 in response to a high dose of LPS, high-dose transfection of miR-155 plasmid did not promote CD81 expression (Fig. 4D) , suggesting a feedback of miR-155 effects, possibly resulting from the down-regulation of adaptors in the JNK transduction pathway. Interestingly, the promoter of the CD81 gene contains binding sites not only for AP-1 but also for NF-kB. In this case, miR-155 may be recognized as a key regulator in HTR-8/SVneo cells of their invasion, syncytialization and immune functions. However, more evidence is needed to establish this effect in HTR-8/SVneo cells.
In summary, our present investigation demonstrates that miR-155 in HTR-8/SVneo cells is regulated by LPS via activation of AP-1 and NF-kB. miR-155 may inhibit the migration of HTR-8/SVneo cells and promote syncytialization of the cells, thus potentially contributing to the development of severe PE.
